SUMMARY Doppler ultrasound was used to assess the pressure drop between the ventricles in 109 infants and children (61 < two years old) with a ventricular septal defect who underwent cardiac catheterisation. The pressure in both ventricles was measured at catheterisation in 103 patients either simultaneously through two catheters (41) Bernoulli formula' to measure the pressure drop from the left to the right ventricle.26 Theoretically, subtraction of this value from the systolic blood pressure will provide an estimate of the right ventricular pressure and thus of the pulmonary artery systolic pressure. There are potential inaccuracies in this technique, in particular possible overestimation of right ventricular pressure because of failure to align the beam with the flow jet, or underestimation because of differences between peak to peak and instantaneous gradients. While the initial reported study did indeed show a tendency to underestimate the pressure gradient when it was high (and thus to overestimate right ventricular pressure),2 two subsequent ones did not confirm this.67 These were studies of 52,2 28,6 and 38' patients who had catheter studies. Simultaneous right and left ventricular pressures were measured in only 21 and it has not been shown whether there is a significant difference between the peak to peak and instantaneous gradients across a ventricular septal defect. Furthermore, only a total of20 patients under two years were included in these studies and it is in this age range that the right 50 group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from
SUMMARY Doppler ultrasound was used to assess the pressure drop between the ventricles in 109 infants and children (61 < two years old) with a ventricular septal defect who underwent cardiac catheterisation. The pressure in both ventricles was measured at catheterisation in 103 patients either simultaneously through two catheters (41) In the assessment of the patient with a ventricular septal defect echocardiography simplifies the diagnosis, localisation, and measurement ofthe size ofthe defect and can provide information of prognostic value.' Accurate knowledge of its haemodynamic effects, however, cannot be obtained from imaging ultrasound and the decision on the need for surgical closure is still based largely upon cardiac catheterisation, with In 85 patients the Doppler studies were performed at the time of catheterisation close to the time that withdrawal pressure was measured or simultaneously with pressure measurements in the 41 in whom the dual catheter system was used; in the others the study was performed within 24 hours of catheterisation. Doppler studies were performed with either a non-imaging continuous wave transducer with an Alfred Velocimeter interfaced to a Doptek spectrum analyser or with a Vingmed CFM 700 system with imaging and colour flow mapping. A cross sectional echocardiogram was performed to demonstrate the position of the septum and, in most patients, the site of the ventricular septal defect. Since the image gives only a guide to the optimal position and angulation for recording maximum 51 velocity of flow, the entire left parasternal edge and the subxiphoid position were explored and the position and angulation of the probe were adjusted to obtain the maximum velocity signal.
The maximum frequency shift was measured from the Doppler signal; from which the maximum velocity in m/s (V) was derived and the pressure drop in mm Hg (P) estimated from the modified Bernoulli formula, P = 4V'.
The Doppler estimate of the pressure drop was then compared with the following measured pressure differences: peak to peak in the total population of 103 patients; peak to peak in the 41 in whom simultaneous ventricular pressures were measured; and instantaneous maximum gradient in these 41 patients. In addition, in these 41 subjects the measured peak to peak and instantaneous maximum gradients were compared.
Results

MEASUREMENT OF THE PRESSURE GRADIENT
Peak to peak gradients (103 patients) ranged from 0 to 135 mm Hg and instantaneous ones (41 patients) from 0 to 155 mm Hg. The mean difference between the instantaneous maximum and peak to peak gradients (41 patients) was 5 9 mm Hg and it was greater than 10 The maximum velocity flow signal was most frequently obtained from the mid to low left parasternal edge but on occasions it was found with the transducer in a more lateral or a subxiphoid position. The signal rose to its maximum velocity in approximately mid-systole, fell in late systole to its lowest level just after aortic valve closure, and usually, but not always, continued with low velocity flow through diastole (figs 1 and 2). In some instances an early to mid-diastolic velocity increase seemed to be caused by the superimposition of mitral valve flow. The signal was positive indicating flow towards the transducer in all but two patients, who had small muscular defects with the jet emerging from the septum at such an angle that it was directed away from the transducer. With a high velocity jet and a small defect it was not always possible to obtain a complete spectral envelope with a single transducer angulation; in some instances a slight alteration of the position of the transducer showed both the upstroke and downstroke (fig 3) , though not necessarily simultaneously, and this permitted the maximum velocity to be measured. It was often important to increase the level Fig five (fig 4) . They had small defects and since the direction of the jet is likely to vary with cardiac contraction it is possible that the Doppler beam was not optimally aligned with it, and thus underestimated the pressure difference. On the other hand, although an overestimation > 15 mm Hg occurred in 10, the left ventricular systolic pressure and that subtraction of the interventricular gradient from this should give the right ventricular, and in the absence of pulmonary stenosis, the pulmonary arterial systolic pressure. The distal systolic blood pressure, however, can be higher than that in the left ventricle and ascending aorta,9 and in addition in young children accurate measurement of blood pressure with an arm cuff can be difficult. Although the extremes of high or normal right ventricular pressure are easily determined with clinical and other non-invasive studies in patients with a ventricular septal defect, we consider that Doppler measurement ofthe ventricular pressure difference is of practical value and significantly adds to the precision of the full non-invasive assessment. We are now convinced that it has become essential in the initial investigation of patients with a ventricular septal defect and is of particular value in the assessment and subsequent follow up of the infant and young child.
